We report the first detection of molecular gas beyond redshift 7. The molecular gas is associated with the host galaxy of the quasar candidate PSO J145.5964+19.3565 and its companion PSO J145.5964+19.3565N separated by 20.7 kpc. The molecular gas of both companions is detected in two rotational transition lines of carbon monoxide, CO(6-5) and CO(7-6), with total luminosities of L CO(6−5) ≈ 26 × 10 8 and L CO(7−6) ≈ 17 × 10 8 L . The two companions contain (36 -54)×10
1. INTRODUCTION Molecular gas may constitute a significant fraction of the total mass of high-redshift star-forming galaxies and host galaxies of high-redshift quasars (Genzel et al. 2010; Bothwell et al. 2013; Walter et al. 2003; Bertoldi et al. 2003; Venemans et al. 2017a ). The physical properties of molecular gas provide important insights on the formation of massive galaxies and their coevolution with supermassive black holes.
Carbon monoxide (hereafter CO) is the most common tracer of molecular gas (composed mainly of molecular hydrogen, H 2 ; Solomon & Vanden Bout 2005; Carilli & Walter 2013) . The current most distant detections of molecular gas using CO line emission are from the host galaxies of luminous high-redshift quasars and massive star-forming galaxies at 6 < z < 6.9 (Walter et al. 2003; Bertoldi et al. 2003; Wang et al. 2010 Wang et al. , 2011a Venemans et al. 2017a; Riechers et al. 2013; Strandet et al. 2017 ). These galaxies are among the largest reservoirs of molecular gas known at high redshift.
The total mass and distribution of molecular gas is well-traced by the CO line emission in groundstate transition CO(1-0) (Young & Scoville 1991; Solomon & Vanden Bout 2005) . However, this transition is difficult to observe from high-redshift sources (e.g., Riechers et al. 2006) . At high redshift, the CO(J∼4-8) transitions near the peak of the CO spectral line energy distribution (SLED) of star-forming galaxies become important tracers of molecular gas (Riechers et al. , 2011 Weiß et al. 2005 Weiß et al. , 2007 Wang et al. 2010 Wang et al. , 2011a Venemans et al. 2017a ). These CO transitions can potentially be used to search for new high-redshift star-forming galaxies and quasars, especially for those which are optically faint, in the obscured phases of their formation (e.g., Weiß et al. 2013; Vieira et al. 2013; Strandet et al. 2016; Fudamoto et al. 2017) .
In this Letter, we report the discovery of a luminous molecular gas pair at z = 7.09 using the CO(6-5) and CO(7-6) line observations of z > 6.5 quasar candidates selected from the Panoramic Survey Telescope and Rapid Response System 1 survey (PS1; Chambers et al. 2016) .
The detected CO emission is associated with the quasar candidate PSO J145.5964+19.3565 (hereafter PSO145+19). The CO redshift of PSO145+19 was confirmed by the detection of the UV Lyα λ1216 line at the similar redshift.
2. OBSERVATIONS 2.1. ALMA observations PSO145+19 was observed in Band 3 of the Atacama Large Millimeter Array (ALMA) on August 20 and 30, 2016. The observations were carried out in frequency intervals ∼84-92 and 96-104 GHz to observe the CO(6-5) and CO(7-6) transitions (ν rest = 691.47 and 806.65 GHz) from quasar candidates at 6.5 z 7.2 selected using the following criteria: z PS1 − y PS1 >2, photometric error σ yPS1 < 0.1, and z PS1 < 24 AB magnitudes (Koptelova et al. 2017) .
The synthesized beam sizes (spatial resolution) of the data obtained on August 20 and 30, 2016 were ∼ 0.
′′ 9 × 0. ′′ 7 and 0. ′′ 7 × 0. ′′ 4, respectively. The total on-source time at each epoch was about 19 min. The visibility data were imaged using task CLEAN of the Common Astronomy Software Applications (CASA 4.7.0; McMullin et al. 2007 ) with a cell of 0.
′′ 12, natural weighting and channel width of 23.44 MHz (∼80 and 70 km s −1 in the lower and upper receiver sidebands, respectively). We run CLEAN with a taper parameter of 1 ′′ to reduce noise fluctuations. To identify emission lines, we created intensity maps by sequentially averaging five nearby frequency channels of data cubes. Each map covered ∼400 km s −1 , which is the typical widths of the CO lines detected from the host galaxies of high-redshift quasars (Wang et al. 2010) . The maps were calculated using CASA task IMMOMENTS with MOMENTS=-1. We checked the maps for emission peaks with signal-to-noise ratios (SNRs) >3 at the expected frequency range of either CO(6-5) or CO(7-6). We then searched for the corresponding emission line regardless the SNR of the latter.
Near-infrared observations
The near-infrared spectrum of PSO145+19 (4 × 950 s exposures) was obtained using the Gemini Multi-Object Spectrograph (GMOS; Hook et al. 2004 ) of the Gemini North Telescope on October 28, 2017 under seeing of ∼0.
′′ 7. We used grating R400 and a slit width of 1 ′′ . The spatial resolution and dispersion of the data were 0.
′′ 1614 pixel −1 and 3.034Å pixel −1 , the spectral resolution was R ≈ 960. The flux calibration of the spectrum was performed using the GMOS spectrum of the standard star EG131 taken at a similar epoch. We also took deep J-band images of PSO145+19 with the UH2.2 telescope of the University of Hawaii on March 16 and 18, 2017 (see Section 3.2).
3. RESULTS
CO and water emission lines
In the 400-km s −1 intensity maps, we identified the CO(6-5) and CO(7-6) lines at a fixed frequency separation. The emission in both transitions is spa- . CO(6-5), CO(7-6) and H2O intensity maps of PSO145+19 and PSO145+19N. The maps were calculated by averaging the 23.44-MGz channels within velocity ranges of ∼880, 910, and 550 km s −1 , respectively. The position of PSO145+19 measured by PS1 is marked with a cross. The beam size of the CO(6-5) map is 1.
′′ 4 × 1. ′′ 1 (7.1 × 5.6 kpc), and the beam size of the CO(7-6) and H2O maps is 1.
′′ 2 × 1. ′′ 0 (6.1 × 5.2 kpc) (ellipses). Contours are drawn at (-3, -2, 2, 3, 4, 5)×σ, where σ ≈ 0.2 mJy beam −1 . Negative contours are shown using gray lines.
tially extended and shows two luminous peaks (Figure 1) . The fainter peak coincides with the PS1 position of PSO145+19, whereas the brighter peak, denoted PSO145+19N, is located 4 ′′ away. The spectra of PSO145+19 and PSO145+19N presented in Figure 2 were extracted from the cleaned data cubes by integrating the intensities within apertures of 4 ′′ in diameters centered on the two peaks. The aperture size was chosen so as to include more than 90% of the emission of PSO145+19N. The observed line profiles were fitted with Gaussians. The integrated SNRs of the CO(6-5) and CO(7-6) lines, estimated using spectral channels within the Gaussian ±2σ of the lines, are about 10 and 5 for PSO145+19, and about 12 and 7 for PSO145+19N. Thus, even the CO(7-6) lines of PSO145+19 and PSO145+19N are not too significant at the line peaks (SNR peak ∼ 2 and 3, respectively), the integrated line SNRs indicate that all detected lines are quite significant and are not spurious detections. Moreover, the probability of a spurious detection of two emission lines at a fixed separation is extremely low. From the normal distribution, the probability of such a simultaneous event is on the order of 10 −29 . Compared to these two lines, some other field detections seen in Figure 1 are not simultaneously detected in the CO(6-5) and CO(7-6) intensity maps and most likely represent random peaks.
The velocity-integrated fluxes of the lines, I line , were computed by summing the observed line intensities over spectral channels within ±2σ of the lines as I line = N beam ∆υΣ i I i , where I i is the line intensity in channel i in Jy beam −1 , ∆υ is the velocity width of the channel in km s −1 , and N beam is the number of synthesized beams in the aperture. The flux uncertainties were calculated as σ I line = N beam ∆υ Σ i σ 2 i , where σ i is the rms error in channel i in mJy beam −1 . The luminosities of the emission lines were computed using formulae (1) and (3) of Solomon & Vanden Bout (2005) .
The redshifts of PSO145+19 and PSO145+19N, measured as the mean redshifts of the CO(6-5) and CO(7-6) transitions, are similar within the uncertainties. The widths of the CO(6-5) and CO(7-6) lines were calculated as the Gaussian full width at half maximum (FWHM) (see Table 1 ). The linear distance between PSO145+19 and PSO145+19N is 20.7 kpc (assuming a cosmology with H 0 = 70 km s −1 Mpc −1 , Ω m = 0.3, and Ω Λ = 0.7). The emission from the dust continuum of PSO145+19 and PSO145+19N was not detected. The three-sigma upper limit on the flux of the dust continuum estimated at the position of PSO145+19 is 0.99 mJy.
We also detected a third strong emission line in the spectrum of PSO145+19N with a line SNR of 5. This line is identified as a possible H 2 O(J KaKc =1 10 -1 01 ) water maser line at ν rest = 793.62 GHz predicted by the calculations of Gray et al. (2016) . According to Gray et al. (2016) , the 793.62-GHz water emission originates from the dense and hot gas with densities of n H2 > 10 6 cm −3 and kinetic temperatures of T kin 1000 K. Compared to this water line, the CO emission traces less dense and colder gas with a density and temperature of n H2 ∼ 10 3 -10 5 cm −3 and T kin ∼ 100 K (Riechers et al. , 2011 Weiß et al. 2005 Weiß et al. , 2007 .
To estimate the spatial extent of the CO emission of PSO145+19 and PSO145+19N, we fitted their CO(6-5) intensity distributions with two-dimensional Gaussians using CASA's task IMFIT. The characteristic sizes of these two CO companions were estimated as a quadratic mean of their FWHMs along the major and minor axes. We summarized the measured properties of the CO emission of PSO145+19 and PSO145+19N in Table 1 .
Lyα line
The Lyα emission line of PSO145+19 was detected at the wavelength interval which is not affected by sky emission lines. The line appears to be about two times more extended in the spatial direction compared to the spatial profile of a field star within 17
′′ of PSO145+19 observed simultaneously in the same slit. Thus, PSO145+19 might represent the blend of two Lyα lines from two different sources separated by less than 1 ′′ (Figure 3a) . At this separation the spectra of the sources are not fully resolved and their overlapping Lyα lines appear extended in the spatial direction. As shown in Figure 3c , the spatial profile of the Lyα emission along its most extended direction can be described well by two blended Gaussians of the same widths equal to the FWHM of the field star.
Further, we denote the two Lyα peaks as sources 1 and 2. The total spectrum (extracted using an aperture of 12 pixels), which includes the Lyα emission of sources 1 and 2, is presented in Figure 3d . The FWHM and luminosity of the Lyα line estimated from the Gaussian fit of the total spectrum are given in Table 1 . The individual spectra of sources 1 and 2 were extracted using two adjacent apertures of 6 pixels in widths centered on each source. The redshifts of these two sources estimated from the Gaussian fit of their Lyα lines, are z = 7.083 ± 0.003 and 7.086 ± 0.003 with a small velocity offset of ∼120 km s 2018; Venemans et al. 2016; Mazzucchelli et al. 2017; Koptelova et al. 2019 ). The nearby UV continuum around the Lyα line emission was not detected and therefore, its estimated luminosity should be considered as a lower limit. The weak continuum is visible between sky emission residuals at wavelengths <9300Å. The mean flux density of the continuum in region 9000-9300Å, not contaminated by strong sky emission lines, is (0.3 ± 0.2)×10 −18 erg s −1 cm −2 A −1 and its average SNR is ∼2. The detection of the UV continuum blueward of the Lyα line might indicate inhomogeneous reionization at redshift around 7 (e.g., Becker et al. 2015; Barnett et al. 2017) .
The J-band brightness of PSO145+19 measured from the UH2.2 images is m(J) = 21.87 ± 0.17 AB. There was no J-band source detected at the position of PSO145+19N. If PSO145+19N has a counterpart in the J band, it should be fainter than a 5-sigma limiting magnitude of 22.4 AB. Such faint sources are below the 5-sigma detection limit of PS1 in the y PS1 band (21 AB). To select PSO145+19, we used the first and second internal releases of the PS1 catalogs (see Koptelova et al. 2017 ). In these catalogs, the brightness of PSO145+19 measured from stack images is m(y PS1 ) = 19.40 ± 0.06. However, we note that PSO145+19 was not detected by PS1 at almost all epochs except for one when its brightness was m(y PS1 ) = 18.64 ± 0.02 AB 1 (December 8, 2011). Only due to the contribution of this particular epoch into the y-band stack flux of PSO145+19, it was selected by us as a high-redshift quasar candidate. One month later, PSO145+19 was also detected in the z PS1 band with m(z PS1 ) = 18.72 ± 0.04 AB. The z PS1 -/y PS1 -band brightness of PSO145+19 at the epoch of our Gemini/GMOS observations, constrained from its total spectrum (Figure 3d ), is 24 AB magnitudes. 
DISCUSSION
The detected CO(6-5) and CO(7-6) line emission from the quasar candidate PSO145+19 revealed that it is associated with two luminous and extended molecular gas companions, PSO145+19 and PSO145+19N. Similar CO-luminous binary companions exhibit the 1 https://catalogs.mast.stsci.edu/ host galaxies of some high-redshift quasars (e.g., Salomé et al. 2012; Walter et al. 2004) .
The spatially extended Lyα line of PSO145+19 further suggests that it might represent a system of two sources at slightly different redshifts separated by <5 kpc (<1 ′′ ). These two Lyα sources are not resolved in the CO line emission. The widths of the Lyα lines of PSO145+19 1 and 2 are consistent with those of some high-redshift star-forming galaxies and quasars (e.g., Matsuoka et al. 2018 ). The Lyα luminosity of PSO145+19, that is somewhat higher than the typical Lyα luminosities of star-forming galaxies ( 10 43 erg s −1 ) (Matsuoka et al. 2018) , and evidence for variability of this source favor its interpretation as a quasar (or a quasar pair). The brightening of PSO145+19 detected in the z PS1 and y PS1 bands might be caused by significant variability of its continuum. Assuming that this variation is driven by a UV flare, we estimate an accretion disk size of log(R/cm) =log(ct) = 16.6, where t is the PS1 cadence of 4 months in the rest frame of PSO145+19 adopted as the upper limit on the timescale of the observed variation. The inferred size is consistent with the UV sizes of the accretion disks of quasars estimated using microlensing (Blackburne et al. 2011) . Thus, the two luminous CO companions (PSO145+19 and PSO145+19N) and the Lyα emission of PSO145+19 at the similar redshifts indicate that PSO145+19, initially selected as a single source quasar candidate, might represent a system of several interacting galaxies possibly hosting a quasar(s). The CO luminosity of the system indicates intensive star formation that might have been triggered by the interaction between the galaxies. The previous observations of the host galaxies of high-redshift quasars and submillimeter galaxies suggest that their star formation is most intensive in very compact central regions of 1 kpc (e.g., Walter et al. 2009; Riechers et al. 2013; Ikarashi et al. 2015; Venemans et al. 2017b ). The water line emission is usually associated with these central regions (Bradford et al. 2011; Riechers et al. 2013) . The water emission of PSO145+19N might also indicate intensive star formation within the dense gas of PSO145+19N, but on larger spatial scales than typically (greater than a beam size of ∼5 kpc). This star formation could be happening in several interacting (proto-)galaxies unresolved in our observations, or in the unresolved star-forming cores within a massive gasrich galaxy.
CO excitation and molecular gas mass
The relative fluxes of the CO(6-5) and CO(7-6) lines of PSO145+19 and PSO145+19N (I CO(7−6) /I CO(6−5) ≈ 0.54 and 0.58, respectively) indicate that their CO SLEDs peak at transitions J 6. As the flux ratios of PSO145+19 and PSO145+19N are similar, their CO SLEDs are also likely similar. However, compared to the host galaxies of quasars and starforming galaxies known at z 7, the molecular gas of PSO145+19 and PSO145+19N appears to be somewhat less excited. The flux ratios between the CO(6-5) and CO(7-6) lines of these z 7 galaxies are typically I CO(7−6) /I 1 Venemans et al. 2017a; Riechers et al. 2013; Strandet et al. 2017) . The estimated CO(6-5) and CO(7-6) luminosities of PSO145+19 and PSO145+19N are a few times higher than those of optically luminous z > 6 quasars Wang et al. 2010; Venemans et al. 2017a) , but comparable to the luminosities of some massive star-forming galaxies at z > 6 (Riechers et al. 2013; Strandet et al. 2017) .
The mass of molecular gas is related to CO luminosity as M H2 = αL ′ CO(1−0) , where α is the conversion factor (Solomon & Vanden Bout 2005) . We estimated the CO(1-0) luminosities of PSO145+19 and PSO145+19N using the CO SLEDs of known sources with the relative fluxes between transitions CO(7-6) and CO(6-5) similar to those of PSO145+19 and PSO145+19N. Among the well-studied star-forming galaxies, the excitation conditions of molecular gas of PSO145+19 and PSO145+19N might be similar to those of the submillimeter galaxy SMM J16359+6612 at z = 2.527 with I CO(7−6) /I CO(6−5) = 0.49 (Kneib et al. 2005; Weiß et al. 2005 ) and the quasar IRAS F10214+4724 at z = 2.286 with I CO(7−6) /I CO(6−5) = 0.77 (Ao et al. 2008; Riechers et al. 2011) . For SMM J16359+6612, the luminosity ratios between the CO(6-5), CO(7-6) and (Weiß et al. 2005) .
For IRAS F10214+4724, these ratios are
29. Using these relations, the CO(1-0) luminosities of PSO145+19 and PSO145+19N were estimated as the weighted means of the CO(1-0) luminosities independently derived from the CO(6-5) and CO(7-6) lines.
The CO(1-0) flux of high-redshift galaxies is usually converted into the mass of molecular gas using a conversion factor of α = 0.8M ⊙ (K km s −1 pc 2 ) −1 inferred from the observations of nearby star-forming galaxies (Solomon & Vanden Bout 2005) . Assuming that the gas-to-mass conversion factor is similar for lowand high-redshift star-forming galaxies, the estimated CO(1-0) luminosities of PSO145+19 and PSO145+19N imply that they contain on the order of 10 11 M of molecular hydrogen (Table 1 ). The gas masses of PSO145+19 and PSO145+19N derived using the CO SLEDs of SMM J16359+6612 and IRAS F10214+4724 are comparable. The differences in the gas masses using these two comparison SLEDs reflect the uncertainties related to the unknown shape of the CO SLEDs of PSO145+19 and PSO145+19N. However, both estimates indicate the large masses of the molecular gas of PSO145+19 and PSO145+19N and place them among the largest reservoirs of molecular gas currently known at high redshift. For comparison, the previously reported gas masses of the host galaxies of high-redshift quasars and massive star-forming galaxies are typically on the order of 10 10 − 10 11 M (Wang et al. 2010; Venemans et al. 2017a; Riechers et al. 2013; Strandet et al. 2017 ).
Spatial extent and dynamical mass
The characteristic sizes (radii) of the CO(6-5) emission of PSO145+19 and PSO145+19N are ∼4 and 6 kpc. We estimated the dynamical masses of PSO145+19 and PSO145+19N using the isotropic virial estimator with M dyn = 2.8 × 10 5 (FWHM) 2 R, where FWHM is the CO(6-5) line widths and R is the radius of the CO(6-5) emission in kpc (Binney & Tremaine 2008; Bothwell et al. 2013; Riechers et al. 2013 ) (see Table 1 ). Thus, molecular gas might constitute more than 45% and 30% of the dynamical masses of PSO145+19 and PSO145+19N, respectively.
The discovered system might be of particular interest for studying physical conditions of star-forming molecular gas at early evolutionary stages of galaxy formation. Further, deeper observations in the nearinfrared/submm wavelengths are needed to strengthen the results reported here. 
